ABSTRA CT During the study of an inbred strain of Wistar rats which spontaneously develop hypertension when they reach a weight of approximately 150 g, it was found that these animals also develop an erythrocytosis. A significant increase in red cell count was observed in spontaneously hypertensive (SH) rats (8-11 X 108 RBC/mm') when compared with normotensive rats (6-7 X 10' RBC/mm') of the same strain. This increase in red cell count paralleled the increase in body weight and the rise in blood pressure.
INTRODUCTION
Okamoto and Aoki (1) reported that they had bred a strain of Wistar rats which spontaneously develop hyDr. Stowe is the recipient of a National Kidney Foundation Research Fellowship Grant. Received for publication 11 November 1971 and in revised form 27 December 1971.
pertension. The blood pressure in these rats remains constant and normal until they reach a weight of approximately 150 g from which time the blood pressure gradually rises in direct proportion to their weight. During the investigation of the cause of this hypertension, we found that the red cell count rises concommitantly and in direct proportion to the blood pressure. This paper reports our findings concerning the nature and cause of this erythrocytosis and its relationship to the hypertension.
METHODS
The spontaneously hypertensive Wistar rats (SH)' used in this study were either bred at the Cleveland Clinic Foundation or obtained from Purina Laboratory.2 Normal controls were either Sprague Dawley rats or rats from a normotensive Wistar strain.' All rats were fed on commercial rat chow diet and tap water ad lib. Renal hypertensive rats were prepared by applying a silver clip to the left renal artery under ether. anesthesia (2) .
Blood pressure was measured at the same time of the day by the same person, using a tail cuff as described by Friedman and Freed (3) . Blood was collected from the orbital cavity in conscious rats, from the tail artery under ether anesthesia or from the aorta when the animal was sacrificed, using sodium ethylenediaminetetraacetate (ED-TA) as anticoagulant.
Blood counts and red cell indices were determined on a model S Coulter particle counter and platelets were counted on a model F Coulter particle counter.! Blood and bone marrow films were stained with Wright's stain, and reticulocytes were counted on blood films stained with brilliant cresyl blue.
Incorporation Per cent incorporation "9Fe = Radioactive counts/ml whole blood at 23 hr X blood volume (ml)
Total radioactive counts injected Plasma volume was measured as the albumin-"1'I distribution space 20 min after the injection of 5 ACi tagged albumin. Autologous red cells collected in acid-citrate-dextrose and labeled with 51Cr sodium chromate were used to measure red cell survival. The iliac artery was canulated under sodium amytal anesthesia (75 mg/kg i.p.); 1.5 ml blood was withdrawn, labeled, and then reinjected through the cannula. 20 min later 0.3 ml blood was collected and the cannula removed. This specimen was used to calculate 10 E 9- Erythropoietin was measured by Dr. James Fisher (Department of Pharmacology, Tulane University), by injecting 1 ml of serum (0.5 ml daily for 2 days) into exhypoxic polycythemic mice. The results were expressed as per cent "9Fe incorporation into RBC and converted into IRP (international Reference Preparation) units per milliliter from a log dose-response curve (4). a-Methyldeoxyphenylalanine (a-methyldopa) was given in a single dose of 200 mg/kg i.p. daily.
RESULTS
The hematological characteristics of normotensive, spontaneously hypertensive, and renal hypertensive rats are Weight of rat (g) FIGURE 1 Red cell counts in six normal (0) and six SH (0) rats studied for 8 wk as their weight increased from 70 to 230 g. presented in Table I . These characteristics were studied in rats of both sexes, but since no difference in red cell counts was observed mixed group data are reported. cell count of 6.5 X 106/nm3 and blood pressure of 100 mm Hg, and 41% (SE 2.16) in five SH rats with a mean red cell count of 9.8 X 106/mmn and blood pressure of 200 mm Hg. Red cell survival (ti) was 9-16 days in five normal and nine to greater than 16 days in five SH rats. The reticulocyte count ranged from 140 to 210 X 103/mm3 in normal rats and ranged from 140 to 270 X 103/mm3 in SH rats. The bone marrow of three SH rats showed a marked erythroid hyperplasia when compared with the marrow of three normotensive rats. The marrow of one normotensive and one hypertensive rat were stained for iron; iron was present in both.
The plasma iron in two normal rats was 256 and 270 Lg/100 ml and in two hypertensive rats was 224 and 230 Ig/100 ml. Treatment with a-methyldopa reduced the blood pressure and the red cell count in SH rats but affected neither parameter in normotensive rats (Table II) Fig. 4 . A similar effect was seen when guanethidine and hexamethonium were used to reduce the blood pressure. The greatest decrease in red cell count was seen in those SH rats that had the greatest fall in blood pressure. Serum erythropoietin titers are listed in Table III . The younger rats (150-160 g) have the highest titer 0.27 IRP U/ml. The titers in older rats were 0.15 and 0.17 IRP U/ml in 180-g rats and 250-g rats respectively. The erythropoietin titer was not detectable in normal rats. DISCUSSION The results of these studies show that the strain of Wistar rats which spontaneously develop hypertension also develop an erythrocytosis. Platelet and white cell production are not affected. Plasma volume measurements indicate that the erythrocytosis is absolute. The erythroid hyperplasia in the bone marrow and the four- 59Fe incorporation and IRP* fold increase in iron turnover are further evidence of increased red cell production. The red cells that are produced during this phase have a significantly smaller MCV than the cells produced before the development of erythrocytosis. As a result, the blood hemoglobin content and hematocrit increase at a slower rate and this may in part account for the fact that the erythrocytosis has not been previously reported. The survival of these small red cells is normal. The reduction in size does not appear to be due to iron lack.
Erythropoietin is apparently the immediate stimulus to the increased red cell production. Plasma levels of the hormone are highest at the onset of the erythrocytosis but remain very high even when the red cell count is 10 X 106/mm'. The direct correlation between the blood pressure and the erythrocytosis suggests a causal relationship. Not only does the red cell count increase as the blood pressure rises, but also the red cell count decreases when the blood pressure is lowered by various antihypertensive drugs. Furthermore, when the drug treatment is discontinued, the blood pressure and the red cell count increase again. We have no evidence as to the source of erythropoietin in these SH rats. However, the kidney is a major source of erythropoietin (5). Fisher and Langston (6) suggest that renal hypoxia may be the stimulus to its production. Analysis of blood gases showed no change in oxygen tension in the arterial blood as the red cell count increased. One could postulate that hypertension reduces the renal blood flow or alters its intrarenal distribution in such a way that oxygen supply to the erythropoietin-producing cells is reduced.
Aoki (7) has shown that adrenalectomy reduces the blood pressure in the SH rats. We have studied four adrenalectomized SH rats and the red cell count decreased from a mean of 10-6.5 X 106/mm' in 14 days and the blood pressure decreased from 200 to 150 mm Hg. Although plasma volumes were not measured, these preliminary studies suggest that the adrenal gland may be involved in the production of hypertension and secondarily in the production of erythropoiesis. In this connection Waldmann and Bradley (8) reported the association of polycythemia and hypertension in a patient with pheochromocytoma and demonstrated the presence of an erythropoiesis-stimulating substance in chromaffin tumors.
Whatever the ultimate cause of the erythrocytosis and the hypertension is proven to be, the SH rats provide a readily available model for the study of spontaneous erythrocytosis due to increased erythropoietin production.
